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OUTLINE

*Alignment in intense laser fields
IS easy to understand classically

*Enhanced alignment after the pulse turn-off
IS a pretty quantum interference effect

*Molecular optics:
focusing, collimating, guiding & dispersing
molecular beams with light
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Alignment is a one-dimensional concept
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cont.

*Repulsive optical elements
«Simultaneous alignment & focusing- field free
*Applications:
-Time-resolution of nonradiative transitions
-Nanolithography
-Generations of attosecond pulses
-Control of photoreaction branching ratios

-New forms of electron diffraction
Few of my favorite dreams

-Control of solution dynamics
-Alignment & optics in superfluids




L aser alignment is a simple but general phenomenon:
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Alignment in a strong g = static
T = short: Dynamical alignment in
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T.S., J.Chem.Phys. 103, 7887 (1995)



What terminates the rotational excitation?

Either J ., ~ T Qg:

_9 -

Or Q ~ A(J

max)’

AT

[ A(Q) ~BJ(3+1) ]



At nonresonant frequencies (®<<myy) rotational
excitation takes place via two-photon cycles
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N L =2
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But in principle alignment is not guaranteed
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In the long pulse limit laser alignment converges to
alignment in astrong DC field
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Dynamical alignment
during at=200 fs pulse
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Alignment Is enhanced
after theturn off
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T.S., Phys.Rev.Lett. 83, 4971 (1999)



Theory: - B

™l

Phys.Rev.Lett. 83, 4971
A recent experimental demonstration:

F. Rosca-Pruna & M.J.J. Vrakking, Phys.Rev.Lett &7, 153902
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Linear rotors have ssimple rotational spectra:

. _ E~BJH]) —
and hence simple rotational revival dynamics: _—

J Trevival =/ Be I'I
| aq P . .
I |I T 6=0, 4=

J

Oor N wa

Alignment

Time

-t
But molecules are more interesting than that
(most of them are asymmetric tops)
C 2E, =(A+C)J(H1)+(A-C)E, (x)

Revival Sructure of Asymmetric Top
Molecules. Theory & Experiments,
Phys.Rev.Lett., 91, 043003 (2003)
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Epilogue
Moderately intense |aser fields excite rotations via
sequential 1-photon cycles (at 0~®yy.)

ICi(1)=E;C,y(1) - Z; (| m-e(t) |3') Cy (0),
or via 2-photon cycles (at (<<®y o),

2
iC,(1) = E, C, (t) - 4()2 JIBI)Cy ().

he resulting wavepacket,

\P( 9t) — ZJ CJ (t) (I)J( )’
IS phased to make an aligned state.



T>>T

rot . f/

DC limit

Post-pulse alignment
T2< 1 h
R enhancement

T <«<Tygt

J

Ton > Trot

Toff <<Trot
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Qv useful torgue V

do
-Tt/2 0 n/i
- _?F\:\{_ = useful force V
M 00(:)



The qualitative physicsis very generdl

*The Stern-Gerlach *Optical tweezers

experiment

1922

g =

*Hexapole focusing
W‘% Bernstein ,
MM 1965 o o HH Hb
%WM‘ FEL i i sl
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e.d., linear molecule, linear polarization

V = % £0% exp(-R%my?) [ Ao + 0L |
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The laser beam serves asafocusing lens...

/ [/
W@é T.S., Phys.Rev.A 56,

b R17 (1997)




focal distance
can be tuned

‘?\ aml | mage size can be shrunk

density at 2= - | spherical aberration
WA can be eliminated
S

T.S., J.Chem.Phys. 106, 2881 (1997)
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Molecular lens applied to benzene and carbon disulfide molecular beams
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Repulsive M olecular Optics Elements
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M, ~ N3 << €

e.g., £ N~ 100, e.g., ¢ N~ 100,
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T.S., J.Chem.Phys. 111, 4397 (1999)



What'sit good for ?

*Alignment as a means of enhancing the sensitivity of
pump-probe signals

«Simultaneous molecular alignment and molecular
optics as aroute to nanoscal e deposition and etching
*Adiabatic alignment as atool in high harmonic
generation

«Control of photodissociation branching ratios

Pul se-pulse alignment as a route to attosecond pulses
L ight-controlled molecular switches



1) Time domain probes of Radiationless Transitions

/
o dark

“All photochemical
reactions depend on the
existence of one or more
radiationless transitions’

Jortner, Rice &
Hochstrasser, 1969



probe

Dark

Kim et al

103, (1995)
*Radloff et al
281, 20 (1997)
*Blanchet et al
401, 57 (1999)
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Consider, e.g., the internal conversion of alinear polyene:

N the molecular frame:

In the lab frame:

/\_Slﬁ)/g

T.S., J.Chem.Phys. 113, 1677 (2000)



It gets more exciting in the

strong pulse case C/\)

EECORNCORE

60fs 90fs 120fs 150fs 180fs

W (A 0y
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B4(At)

M. Stener
Phys.Rev.Lett. 59 233002



A first experimental realization:

/\ S_L(lAl)/

Carl Hayden & coworkers,




Consider, by contrast, the internal
conversion of phenantherene:

g=f

(



At nonresonant frequencies (®<<myy) rotational
excitation takes place via two-photon cycles

@/ \;\/ |
N L =2




Consider again the internal
conversion of phenantherene:

N >

(



Consider again the internal
conversion of phenantherene:




2) Laser focusing & alignment as aroute to
orientationally-ordered nanostructures

|z

343

T.S, Phys.Rev. A X 7
56, R17 (1997)

Experiments are

coming...
' J.App.Phys. 94, 669 (2003)




*Field-free alignment relies on

nonadiabatic turn-off, hence b AV %

rotation-transiation coupling

Z.-C.Yan & T.S., JChem.Phys. 111, 4113 (1999)

Gemat 0 Ol 000 Geep e
ey 0 w0 Dl Qe 3—D0

*Would the alignment SRS E
control the surface .
reaction or vice versa? =
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D. Sheerinova, A. | es
S. Bennett & T.S,,
to be submitted
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3) Adiabatic alignment as atool in high harmonic
generation [Phys.Rev.Lett. 87, 183901 (2001)]

5) Post-pulse alignment as a means of producing
attosecond pulses [Phys.Rev.Lett. 88, 013903 (2002)]

6) Strong field alignment as a route to new forms of
electron diffraction [Phys.Rev.Lett. 91, 203004 (2003)]

/) Time-periodic alignment as atool in stereodynamics

But the really exciting applications should be in the
dynamics of large molecules & in condensed phases



Few of my favorite dreams...

e Combining eliptical polarization with nonadiabatic turn-

off to control charge trasfer reactions ;
H

e From a gas phase into a condensed matter tool: :

Alignment & optics in superfluid He

e Pasteur tweezers:
Strong laser alignment as aroute
separating rac-mic mix:ure- into
enatiomers (?)




Epilogue

Rotational spectra are a delightful playground for lovers
of wavepacket phenomena & angular momentum algebra:

3

AJecd
s 2
AJ=smal | 5

Molecular alignment
*Enhanced alignment after the turn-off

eMolecular mirrors
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